(BiFeO3)(1-x)Λ/(LaFeO3)xΛ superlattices (SLs) with varying x have been grown by pulsed laser deposition on (111) oriented SrTiO3 substrates. In order to obtain good epitaxy and flat samples a conducting SrRuO3 buffer has been deposited prior to the superlattices to screen the polar mismatch for such (111) SrTiO3 orientation. X-ray diffraction reciprocal space mapping on different family of planes were collected and evidenced a room temperature structural change at x=0.5 from a rhombohedral/monoclinic structure for rich BiFeO3 to an orthorhombic symmetry for rich LaFeO3. This symmetry change has been confirmed by Raman spectroscopy and demonstrates the different phase stability compared to similar SLs grown on (100) SrTiO3. The strongly anisotropic strain and oxygen octahedral rotation/tilt system compatibility at the interfaces probably explain the orientation dependence of the phase stability in such superlattices.
Introduction
Multiferroic ABO3 perovskite materials are currently the subject of intensive experimental and theoretical investigation motivated by their potential applications in optics, spin-tronics, multiple-state memories and sensors [1] [2] [3] . Bismuth ferrite (BiFeO3 or BFO) is the most studied and promising multiferroic oxide thanks to its ferroelectric (TC ~1103 K) and G-type antiferromagnetic (TN ~640 K) orders at room temperature (RT) 4 . The coexistence and the coupling between these orders have prompted great interest to so-called MagnetoElectric (ME) effect in which a magnetic (electric) order can be controlled by an electric (magnetic) field 1, 5 . Bulk BiFeO3 crystallizes in a distorted rhombohedral symmetry with the R3c space group at RT with a pseudo-cubic lattice parameters apc(BFO)= 3.965 Å and αpc=89. . 48°4 .
Its ferroelectric and magnetic properties are related respectively to the Bi 3+ lone pair (6s 2 orbital) and Fe 3+ ions. The promising piezoelectric properties and the large polarization which exceeds 100µC/cm 2 in (111) oriented films (the polarization is directed along [111] ) make BFO thin films as an alternative to lead based materials for electromechanical applications 6 .
In the last years, a large number of studies were performed on BFO thin films in order to modulate the structure and to improve the ferroelectric and magnetic properties by investigating the strain engineering, substrate orientation and chemical substitution [6] [7] [8] . For instance, rare earth substitution in Bismuth site (Bi1-xRExFeO3) (RE: Sm, Gd, Dy, La) leads to structural changes and to improved physical properties in thin films correlated to a morphotropic phase boundary (MPB) between a rhombohedral R3c phase and an orthorhombic Pnma phase 9, 10 . Growing artificial superlattices (SLs) composed of epitaxial alternating layers of different materials on appropriate substrate is also a powerful way to tune the physical properties of the parent compounds by investigating the strain engineering and the interactions/coupling of the SLs layers [11] [12] [13] [14] [15] [16] [17] . This strategy can also lead to the possibility of creating a chemical-and strain-driven MPB for some composition in comparison to that observed for example in rare earth doped BiFeO3 thin films 9, 10 
Experiments details
The samples (SLs and single films) were grown on oriented (111) STO substrate buffered with a conducting layer of SRO by pulsed laser deposition technique (MECA2000 chamber) using a KrF laser (248nm). The repetition rate and laser energy were fixed respectively at 4Hz and 1.5J/cm 2 . BFO and LFO were grown under 5.10 -2 mbar of oxygen pressure (PO2) at 775°C. The SRO buffer layer was deposited on STO(111) substrate at 0.3mbar of PO2 and 710°C both as a bottom electrode for future electrical characterizations but also in order to screen the polarity mismatch at the interface and to promote epitaxial growth of BFO and LFO layers. Structural characterizations (ω/2θ, rocking curve, reciprocal space maps and phi-scan) of the SLs and thin films were performed using a high-resolution 4-circles diffractometer with a Cu Kλ1 parallel beam (Bruker Discover D8). Raman spectroscopy measurements were performed using an argon ion laser (514.5 nm) and analyzed using a JobinYvon T64000 spectrometer equipped with a charge coupled device. The incident and scattered light (back-scattering geometry) was focused on samples using an objective x100 (spot of about 0.9 μm). Raman spectra were measured in both crossed Z(XY)Z ̅ and parallel Z(XX)Z ̅ ) geometries. From 2θ value of the SLs most intense satellite peak, we calculated the average out-of-plane interplanar spacing ( ) of all SLs using the Bragg formula. We plotted the results in Fig. 1(e) with the out-of-plane interplanar spacing of the BFO ( ) and LFO ( ) single films and the corresponding bulk parameters. The and are found to be 2.311Å and 2.301Å, respectively which are higher than their corresponding BFO and LFO bulk interplanar spacing parameters ( and , respectively). This is probably due to the in plane compressive strain applied by the substrate and/or to the presence of oxygen vacancies. To determine the in-plane interplanar spacing parameters and to reveal the eventual domain structures in our SLs and single films we have performed XRD reciprocal space maps (RSMs)
Results and Discussions

X-ray diffraction study
Figure 1: (a) Schematic of a BFO/LFO superlattice grown on (111)SRO(30nm)/(111)STO, (b) ω/2θ XRD patterns of BFO(1-x)Λ/LFOxΛ SLs as a function of LFO ratio (0≤x≤1), (c)
around the (h0l) and (hhl) family of planes. We show in Fig.2 Two reflections have been detected in (204) RSM (Fig.2(c) ) for BFO-rich superlattice (x=0.2) while for (113) RSM (Fig.2(d) 
Raman spectroscopy study
In the rhombohedral symmetry (point group R3c), all optical modes 4A1 + 9E of BFO should be observed by IR and Raman spectroscopy 38 . Moreover, the long-range electrostatic forces split all the A1 and E modes into transverse optical (TO) and longitudinal optical (LO)
components. The A1 modes are polarized along Z axis parallel to the [111] polar axis and are allowed for the diagonal components of the Raman tensor while the doubly degenerate E modes are polarized along X and Y axis and can be observed in both parallel and crossed polarized geometries. Therefore the polarized Raman spectra can permit us to reveal the nature of phonon symmetries and assign the different modes.
The Raman spectra of (111) The three modes at 135, 171 and 219 cm −1 observed in Z(XX)Z ̅ geometry are assigned to A1(TO) modes which are related to Bi atoms vibrations and oxygen octahedral tilt in the rhombohedral structure. The phonon observed at 135cm -1 seems to be of A1 symmetry according to Raman investigation on (111) oriented BFO crystal and single film 39, 40 .
However the assignment of the low frequency modes is debated in the literature since E mode appears close to this frequency 38, 40, 41 . The others weak modes observed in Z(XX)Z ̅ at 253, 312, 370, 424 and 518 cm -1 are assigned to the E modes. These latter become more intense in the crossed Z(XY)Z ̅ geometries and are clearly identified. Our results are in agreement with earlier Raman investigation on single film and bulk [38] [39] [40] 42 . 
